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57 ABSTRACT 
A coating composition which is capable of being used 
effectively in a wide variety of applications where here 
tofore known coating compositions could not be used, 
or where their use was accompanied by various disad 
vantages is disclosed. The curing temperature at which 
coatings (for example, corrosion resistant coatings) are 
formed from an aqueous coating composition contain 
ing dissolved phosphate, dissolved dichromate, dis 
solved aluminum, and solid particulate material is low 
ered by adding diethanolamine to the composition. The 
coating composition of the present invention can be 
used to effectively coat substrates which heretofore 
could not be coated or could not be coated satisfactorily 
as a result of the substrate being destroyed or degraded 
by the relatively high temperatures that were required 
to satisfactorily cure heretofore known coating compo 
sitions. 

13 Claims, No Drawings 
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LOW-TEMPERATURE CURING COATING 
COMPOSITION : 

FIELD OF THE INVENTION 
This is a continuation-in-part of application Ser. No. 

931,674, filed Aug. 7, 1978 now abandoned, which is a 
continuation of now abandoned application Ser. No. 
677,495, filed Apr. 15, 1976, which is a continuation of 
now abandoned application Ser. No. 441,887, filed Feb. 
12, 1974. 
This invention relates to improved coatings (for ex 

ample, corrosion resistant coatings) which can be 
formed by curing an aqueous coating composition at a 
relatively low temperature. This invention relates also 
to lowering the curing temperature at which aqueous 
coating compositions can be cured into coatings having 
desired properties thereby permitting their use in a wide 
variety of applications where problems heretofore were 
encountered, 

It is known to apply to metallic and other types of 
substrates coatings which protect the substrate from 
corrosive elements, and/or which have other beneficial 
properties. Some coating compositions which form 
such coatings must be cured at relatively high tempera 
tures, for example, in excess of 500, F. One type of 
coating composition that must be cured at relatively 
high temperatures and that is effective in forming corro 
sion resistant coatings on various types of substrates is a 
composition containing dissolved phosphate, dissolved 
dichromate or molybdate, solid particulate material 
such as powdered metal, powdered metallic alloys and 
refractory metal oxides, and optionally, dissolved metal, 
for example, aluminum, magnesium, sodium, or zinc. 
Examples of such coating compositions are disclosed in 
a publication entitled "Investigation of Aluminum 
Phosphate Coatings for Thermal Insulation of Air 
Frames', by Eubanks and Moore, National Aeronautics 
and Space Administration (NASA Technical Note D 
106, 1959) and U.S. Pat. No. 3,248,251 to Allen. Coat 
ings formed from the aforementioned type composition 
have corrosion resistant and/or other beneficial proper 
ties depending on the specific solid particulate material 
used in the composition and the amount applied to the 
substrate. For example, coatings having particularly 
high heat resistance or refractory properties can be 
obtained by utilizing refractory metal oxides such as 
powdered quartz and alumina (Al2O3). 

Application of the aforementioned type of coatings to 
articles permits the articles to be used in the applications 
where they otherwise would not be suitable for use or it 
improves the performance properties of the article. 
Examples of such properties include corrosion resis 
tance, high heat resistance, abrasion resistance and elec 
trical characteristics. Articles coated with the afore 
mentioned type of coating can be used in various appli 
cations, including aerospace, automotive, marine and 
metal working applications. 
One of the steps that is required in forming the afore 

mentioned type of coating on the substrate is curing the 
coating composition at a relatively high temperature 
after it has been applied to the substrate. If the composi 
tion is not properly cured, problems are encountered. 
The aforementioned Allen patent discloses that the 
composition described therein should be cured at a 
temperature of 500F. to 1000 F., preferably at 600 F. 
to 800 F., and that if the composition is not cured com 
pletely, soluble ingredients of the coating are leached 
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out when it is exposed to water. This results in a coating 
having poor moisture resistance. The aforementioned 
NASA article discloses the curing of compositions de 
scribed therein at temperatures ranging from room tem 
perature to 800 F. Various of the examples disclosed in 
the article show that maximum hardness of the coatings 
is not attained unless the curing temperature is about 
600' F., and further that the coatings are not moisture 
resistant unless cured at a temperature of at least 400 F. 
for at least one half hour. 

In general, if the coating composition is not cured 
properly, the coating formed therefrom will not have 
the ability to survive in marine, salt spray, or highly 
humid environments for desired periods of time. 
There are various disadvantages in having to cure the 

aforementioned coating compositions at such relatively 
high temperatures. Some types of substrates cannot be 
coated satisfactorily with the aforementioned type com 
position because they cannot withstand the high curing 
temperature, or their properties, such as dimensional 
stability, and strength, are affected adversely. Another 
disadvantage is that high energy requirements are 
needed to provide the high curing temperatures. Also, 
relatively long periods are needed to cool the hot 
coated article; this increases processing time, and uses 
up space which is needed to allow the articles to cool. 
In coating articles which have areas which should be 
free of coating, areas such as flanges, threaded surfaces 
or holes, it is necessary to mask the areas. When apply 
ing two or more layers of coatings to such articles, such 
areas have to be remasked because the high curing 
temperatures destroy the mask. Appreciable savings in 
cost and labor could be realized if the coating composi 
tion were capable of being cured at lower temperatures 
which do not destroy the mask. Some industrial con 
cerns have refrained from using the aforementioned 
type of coating composition because they do not have 
ovens or furnaces which are capable of providing the 
high curing temperatures. 

This invention relates to a coating composition which 
is capable of being cured into an improved coating at 
relatively low temperatures. 

REPORTED DEVELOPMENTS 

Various methods have been reported for lowering the 
curing temperatures of the aforementioned type of coat 
ing compositions. As will be seen from the discussion 
which follows, these methods have one or more short 
comings. 

In U.S. Pat. No. 3,248,250 to Collins, one of the joint 
inventors herein, it is disclosed that the curing tempera 
ture of the coating composition described in the afore 
mentioned Allen patent can be lowered by adding to the 
composition an alkali metal silicate. The Collins patent 
discloses that such compositions can be cured at a tem 
perature as low as 250 F., but preferably at a tempera 
ture of 300 F. to 500' F. for 3 to 60 minutes. 

In U.S. Pat. No. 3,248,249, also to Collins, it is dis 
closed that the curing temperature of the coating com 
position described in the aforementioned Allen patent 
can be reduced by adding to the composition a solid 
particulate material having a grain size on the order of 
0.1 micron or finer. The preferred particulate materials 
are colloidal silica and colloidal alumina. The patent 
discloses that the compositions can be cured at tempera 
tures as low as 250 F., but preferably attemperatures of 
250 F. to 500 F. for 3 to 60 minutes. - 
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In general, coatings formed from compositions de 
scribed in the aforementioned Collins' patents, and 
cured at the lower temperatures described therein, tend 
to have better properties than coatings formed from the 
composition described in the aforementioned Allen 5 
patent, and cured at like temperatures. Nevertheless, 
the use of lower temperatures to cure the compositions 
described in the Collins' patents results in sacrificing 
certain desired properties of the coatings formed from 
the compositions. By way of background, it is noted 10 
that for use in certain applications, industrial standards 
require that coatings of the aforementioned type have 
excellent adhesive and corrosion resistant properties 
after being exposed to all of the following 5 test evalua 
tions; (1) 5% salt spray for a minimum of 144 hours; (2) 15 
100% relative humidity at 100 F. for a minimum of 144. 
hours; (3) hot water (180° F.) for a minimum of 24 
hours; (4) steam vapor for a minimum of 144 hours; and 
(5) hot saline condensates for a minimum of 24 hours. , 
Coatings formed by curing the composition described 20 
in the aforementioned Collins' patents at temperatures 
of 300°F. and below did not pass all of the above tests, 
with the most predominant failure being that of failure 
to survive the 5% salt spray test. (For example, after 
exposing the coated substrate to the 5% salt spray test 25 
for a period of only 24 hours, the coating could be 
wiped off the substrate. Thus, the adhesive properties of 
such coatings were destroyed when exposed to the salt 
spray test for a very short period of time.) In general, 
although certain improvements in corrosion resistance 30 
are realized, other important properties, such as abra 
sion and impact resistance, are affected adversely when 
the compositions are cured at the lower temperatures. . 
Thus, it is an object of this invention to provide a 

coating composition which is capable of being cured at 35 
relatively low temperatures, for example, below 400 F. 
It is another object of this invention to provide a coat 
ing composition which is capable of being cured at 
relatively low temperatures without significantly affect 
ing adversely the desired properties of coatings formed 40 
from the composition. 

SUMMARY OF THE INVENTION 

In accordance with this invention, there is provided 
an aqueous coating composition comprising, in coating 45 
forming proportions: dissolved phosphate; dissolved 
dichromate; dissolved aluminum; and dispersed solid 
particulate material, preferably an aluminum-containing 
material; said composition being capable of being heat 
cured at elevated temperatures into a water insoluble 50 
material; and further comprising diethanolamine in an 
amount at least sufficient to reduce the temperature at 
which said composition can be cured into said water 
insoluble material. . 

The addition of diethanolamine to the coating com- 55 
position is effective in permitting the composition to be 
cured at temperatures as low as about 180° F. Further 
more, the low-temperature curing composition of this 
invention can be cured into coatings without signifi 
cantly sacrificing desired properties of the coatings. 60 
The low-temperature curing composition of this in 

vention provides a number of advantages to industry. It 
is capable of being cured into coatings at relatively low 
temperatures without sacrificing desired properties of 
the coatings. The composition can be used to satisfacto- 65 
rily coat substrates which are not capable of being 
coated satisfactorily with heretofore known composi 
tions which must be cured at high temperatures which 

4. 
affect properties of the substrate adversely. Since the 
coating composition can be cured at relatively low 
temperatures, energy requirements, cool-down time of 
the coated article, and space required for the cool-down 
time are reduced. Investment in high-temperature fur 
naces or ovens is unnecessary. And remasking of coat 
ing-free areas of the coated article is avoided because 
the compositions can be cured at temperatures which 
do not destroy the mask. . . . . 

DETAILED DESCRIPTION OF THE 
INVENTION 

The essential ingredients of the aqueous coating com 
position of this invention are water, dissolved phos 
phate, dissolved dichromate, dissolved aluminum, solid 
particulate material and diethanolamine. 
The term "dissolved phosphate' as used herein in 

cludes PO4-3, HPO4-2 and H2PO4-1. Any water solu 
ble compound which is a source of dissolved phosphate 
can be used in-preparing the composition of this inven 
tion. Examples of such compounds are: ortho, meta, 
pyro, and hypo phosphoric acids; anhydrous and hy 
drated metal phosphate salts such as the monobasic 
phosphates of aluminum, magnesium, zinc, calcium, . 
sodium, potassium and lithium, the dibasic phosphates : 
of magnesium and calcium, and the tribasic phosphates 
of magnesium, zinc and lithium and mixtures thereof. 
The use of orthophosphoric acid is preferred. Excel 

lent results have been attained using this material which is readily available and relatively inexpensive. , 
Any water soluble compound which is a source of 

dissolved dichromate (Cr2O7-2) can be used in prepar 
ing the composition of this invention. Examples of 
water soluble dichromate salts that can be used are 
sodium dichromate, potassium dichromate and other 
metal dichromates such as those of magnesium, calcium 
and zinc. Since the coating composition of the present 
invention is acidic, chromic acid and its anhydride 
(CrO3), and water soluble chromate compounds which 
in acidic medium are oxidized to dichromate can be 
used also as a source of the dichromate. Examples of 
metal chromates that can be used are those of potas 
sium, sodium, magnesium, zinc and calcium. The use of 
chromic anhydride is preferred because its use provides 
excellent results, it is relatively low in cost and readily 
available, and it is easier to dissolve than certain other 
chromium compounds. 
The solid particulate materials for use in the composi 

tion of the present invention are inorganic materials 
having a particle size of at least about one micron and 
include materials such as refractory and non-refractory 
pigments, including metals, intermetallic or metal alloy. 
compounds, cements, ceramics and fillers. Specific ex 
amples of the aforementioned types of particulate mate 
rials, which are completely insoluble or substantially 
insoluble in the aqueous composition, are as follows: 
metals-aluminum, copper, silver and nickel; interme 
tallic or metal alloy compounds-cobalt/aluminum 
alloy and aluminum/manganese alloy; cements-mixed 
or complex oxides, silicates, silica and zircon; ceramic 
s-metal oxides such as chromic oxide, silica and pow 
dered quartz, aluminum oxide, cerium oxide, zirconia. 
and beryllia, and refractory, carbides such as silicon 
carbide, molybdenum disilicide, tungsten carbide and 
boron nitride. Examples of other solid particulate mate 
rials that can be used are other metal nitrides, metal 
borides, titanates, zirconates, metal sulfides and graph 
ite. 
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The particle size of the particulate material can vary 
over a wide range, and accordingly, can be substantially 
larger than one micron. Indeed, as to larger particle 
sizes, any particle size or distribution of particle sizes 
that permits the binding of the particulate material to 5 
the substrate can be used. In general, particle size selec 
tion will depend on the type of application for which 
the coated substrate is to be used. For example, the 
particle size of the particulate material can be within the 
range of about 20 to about 100 mesh when it is desired 10 
that the coatings have a rough surface for aesthetic or 
functional reasons. (Unless stated otherwise, the term 
"mesh' when used herein refers to U.S. Standard Sieve 
Series.). Smoother coatings can be attained by using a 
particle size of -200 mesh. For very smooth and denser 15 
coatings, it is preferred that the particle size of the par 
ticulate material be - 400 mesh. It is noted that coatings 
for gas turbine parts, such as compressor, stator, and 
rotary blades, and for other applications where aerody 
namic flow is important, are generally required to be as 20 
fine and smooth as possible so that drag is minimized. A 
particulate material having a particle size within a range 
of about 1 to about 10 microns can be used to very good 
advantage in forming coatings on such parts. 
The composition can include optionally a material, of 25 

smaller particle size, for example, colloidal particles, but 
it is essential that it include a material of larger particle 
size, as described above. . . . . . . . . . 

Selection of the specific particulate material will de 
pend on the specific application for which the coating is 30 
to be used. In general, this selection can be made in 
accordance with known properties of the particulate 
materials. - 

The source of the dissolved aluminum can be metal 
compounds which are soluble in the coating composi- 35 
tion. Examples of such compounds are metal oxides, 
metal hydroxides, and metal carbonates. Other soluble 
metal compounds and the elemental form of the metal, 
for example, in powdered form, can be used also. Mix 
tures of the aforementioned can be used also. 40 
With respect to the amine constituent, it has been 

found that the addition of diethanolamine to the coating 
composition reduces hexavalent chromium of the di 
chromate constituent of the composition to trivalent 
chromium. This will be discussed more fully in connec- 45 
tion with certain of the examples. 
As to amounts of ingredients comprising the compo 

sition, the dissolved phosphate should be present in an 
amount such that it functions to form a bond between 
the substrate and the particulate material. 50 
The dissolved dichromate should be present in 

amounts such that it inhibits the reaction between the 
phosphate and the substrate and also the reaction be 
tween the particulate material and the phosphate. By 
way of background, it is noted that if the reaction be- 55 
tween the substrate and phosphate is too vigorous, the 
coating formed tends to be blistered and tends to have 
poor adhesive properties. Also, if the reaction between 
the phosphate and the particulate material is too vigor 
ous, the particulate material is consumed by the reac- 60 
tion, and thus, its concentration in the composition is 
reduced. The amount of dichromate should not be so 
great that the formation of the phosphate bond is pre 
vented. *::: , - 

The dissolved aluminum should be present in 65 
amounts such that appropriate improvements in corro 
sion resistance and adherency are realized. In general, 
this occurs at a concentration of about 0.5 mole/liter of 

6 - 

aluminum, but the use of higher amounts is preferred, as 
hereafter noted. 
The particulate material should be used in an amount 

to impart to the substrate a coating of the desired thick 
ness. In general, this will in turn depend on the particu 
lar type of application for which the coating is to be 
used. For example, if the primary function of the coat 
ing is to impart electrical conductivity to the substrate, 
very small amounts of graphite or other conductive 
material can be used in the composition. On the other 
hand. Substantial amounts of the particulate material 
should be used when it is desired that the coating impart 
high thermal insulation properties to the substrate. Rel 
atively low amounts of the particulate material can be 
used in applications (for example, optic and aerody 
namic flow applications) where it is desired that the 
coatings be relatively thin. 
As to the amount of diethanolamine, it has been found 

that the mere presence of the amine appears to be effec 
tive in reducing the temperature at which the coating 
composition can be cured satisfactorily. As to the upper 
concentration limit of the diethanolamine, this will gen: 
erally be governed by the effect the amine has on the 
shelf life of the composition and other factors hereafter 
discussed. By way of background, it is noted that after 
the particulate material is mixed with the other ingredi 
ents comprising the composition, it will tend to settle 
from the composition. (The time it takes for the dis 
persed particulate material to settle will depend on the 
particular material used and the particle size thereof). A 
composition, with a good shelf life is one wherein the 
settled particulate material can be readily re-dispersed 
in the composition even after standing for long periods 
of time, for example, many months. Excess amounts of 
diethanolamine which adversely affect the shelf life of 
the composition (when shelf life is considered impor 
tant) should be avoided. Poor shelf life is characterized 
by the particulate turning into a solid rock hard mass in 
a relatively short period of time which mass can't be 
redispersed in the composition. While this is not partic 
ularly desirable, such agglomerates can be broken down 
and the particulate material redispersed in the composi 
tion for use by applying high shear. 

Also, and as mentioned above, it is believed that the 
diethanolamine reacts to reduce the hexavalent constit 
uent of the composition to trivalent chromium. This is 
evidenced by a green color which is observed after the 
amine is added to the composition. The amount of di 
ethanolamine used should not be so great that the hexa 
valent chromium ingredient is depleted by this reaction 
to the extent that its contribution to corrosion resistance 
is significantly adversely affected. 

In general, it will be found that satisfactory coating 
compositions can be formulated by adding solid particu 
late material to the following amounts of ingredients. 

Amounts, MA Preferred Amounts, M/1 
dissolved m 
phosphate at least about 1 about 1 to about 6 
dissolved ' 

dichromate at least about 0.1 about 0.5 to about 3.5 
aluminum ion at least about 0.5 about 1 to about 6 
amine at least about 0.02 about 0.02 to about 0.3 

The above aqueous coating compositions of the pres 
ent invention can be used to form glaze coatings on 
substrates and the presence therein of the amine is effec 
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tive in reducing the temperature at which the composi 
tion can be cured. It is believed that widest use of the 
present invention will encompass compositions, as de 
scribed above, including also about 20 to about 2000 g/1 
of particulate material. Such compositions can be pre 
pared by standard high shear bulk mixing equipment. 

It is believed that the coating composition of the 
present invention will have its widest applicability of 
use in coating metallic substrates such as iron and fer 
rous alloys and other metals which are subject to corro 
sion or which require a specialty coating due to require 
ments of use. In addition, the coating composition can 
be used to coat other types of substrates such as, for 
example, glass, ceramics, refractories, wood and deriva 
tives thereof, and plastics. 
The coating composition can be applied to the sub 

strate according to any available or conventional tech 
nique. It is believed that it will be most convenient to 
apply the composition by conventional procedures used 
for applying paint, for example, spray, roller and brush. 
Examples of other techniques for applying the coating 
composition are electrostatic spray and electrophoretic 
deposition. 
The coated substrate can be cured at temperatures as 

low as about 180° F. The curing time is dependent on 
the temperature used and can be best selected on the 
basis of experience. However, for guideline purposes, 
when curing at a temperature of about 180° F., the 
curing should be continued for at least about 4 to 6 
hours. When curing at a temperature of about 225 F., 
the curing should be continued for at least about 1 hour. 
When curing at higher temperatures, for example, about 
'300 F. to about 500 F., curing can be continued for 
about 15 to 30 minutes. It should be understood that due 
to its inorganic nature, the coating composition of the 
present invention can be cured at higher temperatures, 
for example, as high as about 1000 F. to about 1600 F. 

In addition to curing the coating composition by 
exposing it to a heated environment, such as that pro 
vided in a hot oven, the composition can be cured also 
by other methods, examples of which include induction 
heating, infrared heating and resistance heating. 
The thickness of the coating can be varied as desired. 

For example, the coating can have a thickness within 
the range of about 0.5 to about 15 mils. Speaking gener 
ally, coatings formed from the composition of the pres 
ent invention will have a thickness of about 0.5 to about 
4 mils/coat. For most applications, it is believed that a 
coating of about 1 to about 2 mils in thickness per coat 
will be satisfactory. Between each coat the composition 
should be cured as described above, although shorter 
time periods may be used for curing between coats. 

EXAMPLES 

Examples set forth below are illustrative of composi 
tions within the scope of the present invention. 
There is described below an aqueous binding solution 

(Solution A) of the present invention to which can be 
added Solid particulate materials to form coating com 
positions within the scope of the present invention. 

Solution A 

H2O 
aluminum phosphate and CrO3 solution* 

25 in 
100 m 
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8 
-continued 
Solution A 

(HOCH2CH2)2NH 3 g 
*This aluminum phosphate/CrO3 solution was prepared by combining 300 g of 
hydrated alumina (AlO. H2O) with 558 ml of 75% phosphoric acid and thereafter 
high speed mixing. After standing overnight the solution was decanted from the 
insoluble Al(OH)3 which had settled to the bottom. The resulting solution was 
diluted with water to yield a 60% by weight aluminum phosphate solution. To 100 
ml of this solution. 12 g of (CrO3) was added. 

Solution A is an example of an aqueous binding solution 
that can be described as being versatile in that it can be 
used very effectively in binding a wide variety of partic 
ulate materials, both refractory and non-refractory, to 
metallic or other substrates. Such coating compositions 
prepared from Solution A can be cured effectively at 
relatively low temperatures (for example, at about 180 
F. for 4 to 6 hours or at 215 F. for 1 hour or at 300 F. 
for hour) into coatings which maintain their corrosion 
resistant properties after being exposed to corrosive 
environments. Solution. A with pigment had no shelf life 
problem after six months. 

Solution A (without particulate material) can be uti 
lized as a glaze type coating, particularly as a top-coat 
to coatings such as, for example, those described in 
examples which follow. 

Examples 1 to 6 below are illustrative of low temper 
ature curing coating compositions within the scope of 
this invention, including compositions made from the 
binding solution described above. 

Example 1 is illustrative of a coating composition 
containing a metal oxide. Such a composition can be 
used in forming coatings which have properties that 
make them particularly effective as electrical insulation 
coatings. 

EXAMPLE 

Solution A 00 m 
aluminum oxide powder 120 g 
(-400 mesh) 

Example 2 is illustrative of a coating composition 
containing a titanate. Such a composition can be used in 
forming coatings which have properties that make them 
particularly effective as thermal insulative coatings 
with high K factors. 

EXAMPLE 2 

Solution A OO In 
barium titanate 100 g 
(-400 mesh) 

Example 3 is an illustration of a coating composition 
containing a metal alloy. 

EXAMPLE 3 

Solution A OO in 
Aluminum-maganese alloyed metal 
powder, 50%. Al-50% Mn (-325 mesh) 90 g 

The use of the aluminum-manganese alloy as the partic 
ulate material in the coating composition of Example 3 
affords various advantages over the use of pure alumi 
num powder as particulate material. Coatings including 
the alloy have a higher melting point than coatings 
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including aluminum metal only. The presence of the 
aluminum in the alloy provides excellent corrosion 
protection for metal substrates coated with the compo 
sition of Example 3 which substrates are exposed alter 
nately to high and low temperatures (for example 5 
-100" F. to 1800 F), and to salt spray environments. 
(An example of such an application is a coating for hot 
section parts of gas turbine engines such as turbine 
blades.) In an application where the coated substrate is 
exposed to sulphur, such as in applications where the 
substrate is exposed to sulphur-bearing gases, the man 
ganese in the alloy functions to tie up the sulphur as 
MnS, thus reducing the susceptibility of the metal sub 
strate to corrosive attack by the sulphur. 
Example 4 is illustrative of a coating composition 

containing metal powder as the particulate material. 

EXAMPLE 4 

10 

15 

20 

Solution A 100 ml 
aluminum metal powder (-400 mesh) 90 g 

Each of the coating compositions of Examples 1 to 42s 
above was applied to a steel panel by conventional paint 
spraying equipment. The coating compositions were 
then cured by placing the coated panels in an oven at 
300 F. for 30 minutes. The coatings had thicknesses of 
about 1 to 2 mills. Thereafter the corrosion resistant 30 
properties of coated substrates were evaluated by sub 
jecting the substrates to a 5% salt spray test (ASTM 
117B) for 168 hours. It was found that there was no loss 
of adhesion and the coatings could not be removed 
readily. 35 

COMPARATIVE EXAMPLES 
The coating and test procedure described immedi 

ately above was repeated except that the coating com 
positions used did not contain diethanolamine. (In all 
other respects the coating compositions of Examples 1 
to 4 were the same). It was found that the coatings after 
being exposed for only 24 hours to the aforementioned 
5% salt spray test were washed off the steel panel or 
could be readily wiped therefrom. Thus the coatings, 
formed from the compositions of Examples 1-4, but 
without the amine, and cured at a relatively low tem 
perature completely lost their bond strength. 

In connection with the composition of Example 4 
above, part of a steel panel was coated with this compo 
sition by spraying. The remainder of the panel was left 
uncoated. The partly coated panel was cured at 350 F. 
for 30 minutes. In addition to exhibiting excellent adhe 
sion to the steel panel after 168 hours exposure to the 
aforementioned 5% salt spray test, the coating exhibited 
excellent sacrificial corrosion protection, that is, it was 
responsible for inhibiting corrosion of the uncoated 
portion of the panel. Sacrificial corrosion protection of 60 
this type is generally considered to be dependent on the 
conductivity of the coating's metal particulate material, 
which normally is above the metal comprising the sub 
strate in the electromotive series of metals, that is, the 
particulate material is more anodic than the base metal. 
However, in this case, the coating was found not to be 
conductive before or after exposure to the salt spray 
environment. 
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10 
OTHER EXAMPLES OF THE INVENTION 

Example 5 below is illustrative of a coating composi 
tion containing a mixture of different solid particulate 
materials. 

EXAMPLE 5 

Solution. A 125 ml 
silica (quartz, -325 mesh) 200 g 
Cr2O3 (-325 mesh) 15 g 

The coating composition of Example 5 can be cured 
into a refractory coating which has excellent high tem 
perature thermal insulative properties. The coating has 
satisfactory hardness and strength after being cured on 
a steel substrate attemperatures of 215-300' F. for one 
half hour. It has been found that when the coated steel 
substrate is subjected to use in applications where it is 
subjected to temperatures as high as 1800. F., the coat 
ing continues to increase in hardness and has very high 
resistivity values, for example, 2.2 x 106 ohm-cm at 
1800' F. and 300x 106 ohm-cm at 1200' F. 
Example 6 is illustrative of a particularly good ce 

ramic coating composition. 
EXAMPLE 6 

water 70 m 
phosphoric acid, 75% 30 ml 
zinc chromate 5 g 
aluminum hydroxide 20 g 
lithium carbonate 5 g 
sodium dichromate 20 g 
diethanolamine 3 g 
quartz, -325 mesh i50 g 
chromic oxide, -325 mesh 5 g 

The composition of Example 6 illustrates the use of 
dissolved aluminum in admixture with other metals in 
dissolved form, namely zinc, lithium, and sodium. It is 
noted hereinabove that prior art compositions include 
dissolved metal. For example, aforementioned U.S. Pat. 
No. 3,248,251 to Allen discloses the use of aluminum, as 
well as the use of one or more of the following: magne 
sium; calcium; zinc, ferric iron; lithium; sodium; and 
potassium. The composition of the present invention 
can include one or more of such metals in dissolved 
form in combination with dissolved aluminum, with the 
total dissolved metal concentration being no greater 
than about 6 moles/liter and the concentration of dis 
solved aluminum being at least about 0.5 mole/liter, 
preferably at least about 1 mole/liter. 

In summary, it can be said that the present invention 
affords a number of important industrial advantages. 
The coating composition of the present invention can be 
used in a wide variety of applications under conditions 
where energy requirements are reduced and excellent 
coating properties are realized. 
We clain: 
1. In an acidic aqueous coating composition compris 

ing, in coating-forming proportions, materials which 
are a source of: dissolved phosphate; dissolved dichro 
mate; dissolved aluminum; and inorganic solid particu 
late material having a particle size of at least about one 
micron and capable of being bonded to a metallic sur 
face by phosphate bonding; wherein said composition is 
capable of being heat-cured at elevated temperature 



4,319,924 
within a predetermined time into a water insoluble coat 
ing in which particulate material of the coating is phos 
phate bonded to said surface; the improvement compris 
ing including diethanolamine into said composition in 
an amount sufficient to reduce the temperature at which 
said composition can be cured within said predeter 
mined time into said water insoluble coating. 

2. An acidic. aqueous coating composition consisting . 
essentially of ingredients which are a source of the 
following materials, in amounts equivalent to: 
(A) at least about 1 M/1 of dissolved phosphate; 
(B) at least about 0.1 M/1 of dissolved dichromate; 
(C) at least about 0.5 M/1 of dissolved aluminum; 
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(D) at least about 20 g/l of inorganic solid particulate 
material having a particle size of at least about one 
micron and capable of being bonded to a metallic 
surface by phosphate bonding; and 

15 

(E) at least about 0.02 M/1 of diethanolamine; 
wherein said composition is capable of being cured 
into a water insoluble coating in which particulate 
material of the coating is phosphate bonded to said 
surface. 

20 

3. A composition according to claim 2 consisting 
essentially of: . . . 

(A) about 1 to about 6 M/1 of dissolved phosphate; 
(B) about 0.15 to about 3.5 M/1 of dissolved dichro 

mate; - 

(C) about 1 to about 6 M/l of dissolved aluminum; 
(D) about 20 to about 2000 g/l of said particulate 

material; and 
(E) about 0.02 to about 0.3 M/1 of diethanolamine. 
4. A composition according to claim 1 including at 

least about 0.02 M/l of said diethanolamine. 
5. A composition according to claim 1, 2, 3, or 4 

wherein said particulate material is selected from the 
group consisting of one or more of the following: alumi 
nun, copper, silver, nickel, cobalt/aluminum alloy, 
aluminum/manganese alloy, chromic oxide, silica, alu 
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minum oxide, cerium oxide, zirconia, beryllia, silicon 
carbide, molybdenum disilicide, tungsten carbide, 
boron nitride, metal titanates and graphite. 
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6. A composition according to claim 1, 2, 3, or 4 
wherein said particulate material is powdered quartz. 

7. A composition according to claim 1, 2, 3, or 4 
wherein the source of said dissolved phosphate is ortho 
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12 . . . . . 

phosphoric acid and the source of said dissolved dichro 
mate is chromic anhydride (CrO3). 

8. A composition according to claim 5 wherein the 
source of said dissolved phosphate is orthophosphoric 
acid and the source of said dissolved dichromate is 
chromic anhydride (CrO3). 

9. A composition according to claim 6 wherein the 
source of said dissolved phosphate is orthophosphoric 
acid and the source of said dissolved dichromate is 
chromic anhydride (CrO3). " 

10. A composition according to claim 1, 2, 3, or 4 
wherein said particulate material is aluminum or alumi 
num oxide. - a . . . . 

11. An acidic aqueous coating composition which is 
capable of being heat-cured at a temperature within the 
range of about 180° F. to about 225 F. within one to 
about six hours into a water insoluble coating having 
excellent adhesion to steel and excellent corrosion resis 
tant properties, including sacrificial corrosion protec 
tion properties, and which consists essentially of: 

(A) phosphoric acid in an amount, equivalent to at 
least about 1 M/1 of dissolved phosphate; 

(B) chromic anhydride in an amount equivalent to at 
least about 0.1 M/1 of dissolved dichromate; 

(C) at least about 20 g/l of aluminum metal powder, 
the particle size of which is -400 mesh (U.S. Stan 
dard Sieve Series); y - 

(D) at least about 0.5 M/1 of dissolved aluminum; and 
(E) at least about 0.02 M/1 of diethanolamine. 
12. A composition according to claim 11 wherein the 

ingredients are present in amounts equivalent to: 
(A) about 1 to about 6 M/1 of dissolved phosphate; 
(B) about 0.15 to about 3.5 M/1 of dissolved dichro 

mate; ." - 

(C) about 20 to about 2000 g/l of aluminum metal 
powder; . . . . . . . . . . . . . . 

(D) about 1 to about 6 M/l 
and ; : . . . . . . 

(E) about 0.02 to about 0.3 M/1 of said amine. 
13. A composition according to claim 1, 2, 3, 4, 11 or 

12 including also one or more of the following metals in 
dissolved form: magnesium, zinc, calcium, lithium, so 
dium, and potassium. 
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of dissolved aluminum; 


